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TECHNICAL NOTE
A method for isolation of mouse glomeruli for quantitation of
immune deposits
V. JOYCE GAUTHIER and MART MANNIK
Department of Medicine, University of Washington, Seattle, Washington, USA
The isolation of mouse glomeruli in sufficient yield and purity
to allow quantitation of immune deposits has not been previ-
ously described and was not considered in a recent review in
this journal [I]. Reported attempts to isolate mouse glomeruli
by differential sieving [2] and ultracentrifugation techniques [3]
have been unsuccessful. Mice are the species with the most
inbred and immunogenetically defined strains, have multiple
autoimmune strains with glomerulonephritis, and are suitable
for induction of renal disease with passively administered
antibodies and antigens. For these reasons, a method for
isolation of mouse glomeruli in high purity was developed,
validated in the rat, and used to illustrate quantitation of
immune deposits in mice.
Materials
Human serum albumin (HSA), rabbit antibodies to HSA,
iodination, blood clearance kinetics, and the preparation and
analysis of immune complexes was all done by previously
published methods [4]. Cationization [4] and reduction and
alkylation of antibodies [5] was done as previously described.
Magnetic iron oxide was prepared as outlined [6]. Briefly 5.2 g
sodium hydroxide (J.T. Baker, Phillipsburg, New Jersey, USA)
and 40 g potassium nitrate (Baker) were dissolved in 200 ml of
well oxygenated water. This was added to 18 g of ferrous sulfate
(Baker) in 200 ml water, and the resulting suspension was boiled
until the particulate material responded to the magnetic field.
The precipitate was washed with 10 liters of distilled water and
stored in 0.15 M NaCI. The FeO was not dried as this caused
unacceptable clumping. Although all initial studies were done
with nonsonicated FeO, sonication of 10 ml of the FeO at full
power (Biosonik III, Bronwill Scientific, Rochester, New York,
USA) for one minute increased the efficiency of iron localiza-
tion in the glomeruli and was adopted for subsequent studies.
C57B1/6J female mice (The Jackson Laboratory, Bar Harbor,
Maine, USA) weighing 18 to 22 g and Sprague-Dawley rats
(Tyler Labs, Bellevue, WA) weighing 200 to 250 g were used.
Isolation of glomeruli
Each animal was injected i.v. with the designated preparation
of antibodies or immune complexes and anesthetized before
sacrifice. At the designated time, the thoracic and abdominal
cavities were opened and the left ventricle cannulated with a 23
gauge butterfly needle. Twenty ml of 0.01 M phosphate buffered
saline pH 7.4 (PBS) was infused over five minutes with a
syringe pump. An incision in the inferior vena cava below the
renal veins provided outflow, and recirculation of material from
the superior vena cava was prevented by clamping the brachial
and cephalic circulations with hemostats. Visible blanching of
the kidneys was achieved. Twenty ml of a solution containing
250 mg of FeO (determined by dessicating a typical dose in
distilled water) was infused over five minutes via the left
ventricular cannula to obtain iron deposition within glomerular
capillaries. Kidneys were decapsulated and a small piece proc-
essed for immunolluorescence microscopy. Tissue processing
and staining and semiquantitative scoring system for immuno-
fluorescence were as described [4].
Renal tissue was passed through a 150 mesh metal screen
(Newark Wire Cloth Co., Newark, New Jersey, USA) using a
flattened glass pestle, washed with 60 ml of a forceful stream of
PBS either by hand pipetting or by Water Pik pump (Teledyne
Water Pik, Ft. Collins, Colorado, USA) on low setting, and
collected in a plastic beaker. The wash was allowed to settle for
20 minutes in siliconized (Sigmacote, Sigma Chemical Co., St.
Louis, Missouri, USA) conical 15 ml polystyrene centrifuge
tubes (Falcon, Oxnard, California, USA). The supernatant was
removed and the bottom 2 ml of each tube transferred with a
siliconized glass Pasteur pipet to 12 x 75 mm siliconized,
round-bottomed polystyrene tubes (Falcon), and each placed
immediately adjacent to one pole of a 30 pound pull, permanent
Alnico (aluminum-nickel-cobalt) magnet (General Hardware
Mfg. Co. Inc., New York, New York, USA). The magnetic
collection proceeded for 20 minutes, at which time the super-
natant was removed by pipet with the tube remaining in the
same position adjacent to the magnet. Successful collection was
noted by a visible accumulation of black specks on the inner
wall of the tube next to the magnet. The tube wall was washed
with PBS after removal from the magnetic field, and the
resuspended glomeruli washed in a similar manner four times
with three to five minute magnetic collection phases. Glomeruli
were resuspended in either PBS, 10 mg/mI ovalbumin (Sigma
Chemical) in PBS, or 0.05% Tween-20 in PBS (JT Baker
Chemical Co., Phillipsburg, New Jersey, USA).
Enumeration of glomeruli
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Aliquots of the glomerular suspension were vacuum filtered
onto a 13 mm, 0.8 micron pore, black Durapore filter (Millipore
Corp., Bedford, Massachusetts, USA) supported on the mesh
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end of one halfof a Swinex filter holder (Millipore Corp.) fitted
with a rubber tubing collar. Without removing the filter the
glomeruli were washed with PBS, stained two to three seconds
with a filtered aqueous solution of 1% acridine orange (Allied
Chemical Co., New York, New York, USA), and washed with
PBS to remove excess stain. The filter was removed and
mounted on a coverslip, covered with PBS, and protected with
a second coverslip. Acridine orange staining was used to allow
recognition of all glomeruli and tubules on each filter. These
structures were counted by epifluorescent microscopy using
filters selected for fluorescein [5]. Glomeruli are brilliant yel-
low-orange and easily distinguishable from tubules due to their
increased concentration of nuclei. Longer staining times result
in excessive staining and problems with distinguishing struc-
tures. Initially, each filter was counted three times and the mean
number of glomeruli determined with standard deviations to
check observer accuracy in counting; later only duplicate
counts were needed. One hundred to 200 glomeruli were
collected per filter, although up to 350 could be collected and
counted without overlapping.
After counting, each filter and coverslips were wrapped in a
small square of plastic wrap, broken, and assayed for radioac-
tivity. Background and carrier tube counts were subtracted
from the counts per 20 minutes. The counts per 20 minutes per
kidney were calculated based on a previous report of approxi-
mately 12,000 glomeruli per mouse kidney [7]. Using the
specific activity of the injected preparation, the quantity of
antibodies present in the glomeruli was determined and ex-
pressed as the mean and standard deviation for three separate
mice. The dose administered to mice was confirmed by prepar-
ing each dose individually, counting it prior to injection, and
counting all dose residue and syringe parts.
Experimental design and results
Triplicate mice received 100 pg doses i.v. of radiolabeled
unaltered or variably cationized antibodies alone or in the form
of immune complexes which were known to give varying
degrees of glomerular deposits by immunofluorescence [8].
Mice were sacrificed and perfused five minutes after injection.
The yield of glomeruli was a function of the efficiency of iron
localization into the glomeruli and varied with each mouse. In
initial experiments magnetic isolation yielded over 2000 glomer-
uli per two kidneys and increased to about 4000 glomeruli per
two kidneys with the use of sonicated iron oxide. In these
samples 93.0 3.7% of the counted structures were glomeruli.
If excessive tubules were present, the isolation steps were
repeated. The observer error in triplicate counts of the same
filter varied from 1 to 5% of the mean number of glomeruli.
Radioactivity was determined on the same filters on which the
glomeruli had been counted to assure the most accurate evalu-
ation of counts per glomeruli. Antibody preparations with 60 to
70 tCi/mg of 125j were used to provide sufficient counting
precision. These highly labeled antibodies showed identical
blood clearance kinetics, immune complex formation, and
precipitin curves as material with 2 to 10 pCi/mg. Actual counts
ranged from 0 to 124,500 counts per 20 minutes on individual
filters, depending on the preparation used.
In mice receiving 100 sg of radiolabeled unaltered antibodies
and sacrificed at five minutes no deposition was detectable by
immunofluorescence, and quantitation showed only back-
ground levels of radiolabeled antibodies (0.22 0.2 ng
antibody/kidney). With increasing cationization from moder-
ately cationized to highly cationized antibodies, the binding of
antibodies alone increased from 35.2 8.4 to 342.5 53.3 ng
antibody/kidney, respectively. Despite detectable antibody by
quantitation (35.2 8.4 ng antibody/kidney) in mice receiving
moderately cationized antibodies, immunofluorescence was
negative, indicating that the threshold for immunofluorescence
had not been reached. Immune complexes prepared with unal-
tered antibodies did not deposit in glomeruli by quantitative
(2.18 1.05 ng antibody/kidney) and immunofluorescence
analysis (0/0/0) in the five minute time period. In contrast, the
immune complexes containing moderately cationized antibod-
ies deposited extensively by both assay techniques (661.6
95.5 ng antibody/kidney and 3 +/3 +13+). With heavily cation-
ized antibodies in immune complexes, increased amounts of
antibodies deposited to glomeruli (1304.9 l55.l ng antibody/
kidney) and immunofluorescence was strongly positive
(4+/4+14+). Reproducibility of the quantitative analysis was
confirmed by repeating selected experiments after two months
with good consistency of data. To establish that immune
deposits formed by mechanisms other than charge-charge inter-
actions can be quantified reliably, I mg of reduced and alkylated
antibodies in immune complexes, known to produce extensive
mesangial deposits [5], were injected into three mice and
sacrificed at 24 hours. Glomeruli contained 474.9 93.8 ng
antibody per kidney and showed 3 to 4+ immunofluorescence.
The nonspecific entrainment of circulating macromolecules in
isolated glomeruli is ruled out by the presence of very low levels
of the unaltered antibody molecules. In other systems, an
unrelated macromolecule with a different isotope can serve as
an intravascular marker, if needed.
In order to compare the above described method for isolation
and enumeration of mouse glomeruli with previously described
methods in other species, experiments were conducted in rats.
Three rats received I mg doses i.v. of radiolabeled, highly
cationized antibodies in immune complexes, and were sacri-
ficed and perfused at five minutes. Prior to iron perfusion the
left renal artery was ligated and the systemic iron perfusion
performed. This provided one kidney for conventional sieving
isolation and a matched kidney for magnetic isolation. With the
conventional method glomeruli were isolated by differential
sieving and counted by a Fuchs Rosenthal hemocytometer as
previously described [9], without the polyvinylpyrolidone.
Binding of glomeruli to the inside of plastic pipet tips was
evaluated with triplicate transfers followed by cleaning the
outside of the tip. No difference (P > 0.2, paired i-test) in
radioactivity was seen between glomeruli isolated magnetically
(8.24 0.96 g antibody/kidney) and those isolated by differ-
ential sieving (9.11 1.88 sg antibody/kidney) when analyzed
by the filtration enumeration technique. To assess the compa-
rability of the described method of enumerating glomeruli on
filters with the hemocytometer methods of counting, rat gb-
meruli isolated by the conventional method were counted by
both techniques. Hemocytometer counting gave a yield 91.4
4.2% of that calculated by the filtration method. In addition,
31.7 16.0% of the glomeruli suspended in PBS bound to the
inner surface of the plastic pipet tips used in transferring the
sample to the hemocytometer. The erratic and extensive bind-
ing of glomeruli to the plastic pipet tips was reduced to 4.9 ±
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3.3% by the addition of ovalbumin to PBS and reduced to 1.3
0.5% by the addition of 0.05% Tween-20 to PBS. The losses in
the pipet tips will not affect yield determinations based on the
filtration method, but will underestimate the yield and overes-
timate the quantity of material in glomeruli counted by
hemocytometers. Polyvinylpyrolidone, which has been used to
produce a stable, uniform suspension of glomeruli [9], was not
used because its viscous nature prevented use with autopipet-
ors and filtration systems.
Conclusion
The described magnetic method for isolation of mouse gb-
meruli is simple and yields glomeruli in sufficient purity and
quantity to allow for quantitation of deposits. The inaccuracies
resulting from the small number of gbomeruli in a dilute solution
were overcome by assaying radioactivity in the same gbomeruli
actually counted on a given filter. Quantitation of immune
deposits by the described methods can be used to complement
and extend immunofluorescence microscopic observations on
immune deposit formation in mouse glomeruli.
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